Recently it was found by Hosoya that acetylcholine and arecoline have a much stronger augmentative effect than pilocarpine (13) upon the regeneration of the visual purple. The authors examined the *effects of choline and betaine and found that they were also effective in regenerating the visual purple. This action of choline can be easily understood as it is one of the homologues of acetylcholine however concerning betaine, we have no knowledge of its physiological action, except its lipotropic action (5) and its preventative action on the hemorrhagic degeneration of kidneys (9). The specific action of choline and betaine on the regeneration of the visual purple was therefore more fully investigated. Received for publication March 2, 1950.
METHODS

RESULTS
(1) The results obtained by the simple method: a) The effect of choline (1 cc. of 0.1% solution injected).
The augmentative action was seen in 6 samples out of 9, which were dark adapted for 60 min., and in 5 samples out of 9, which were dark adapted for 90 min.
b) The effect of betaine (1 cc. of 0.1% solution injected). The augmentative action was seen in 8 cases out of 13, and in 6 cases out of 11, when the retinae were dark adapted for 60 min. and 90 min. respectively.
c) The effect of pilocarpine (0.5-2.0 cc. of 0.1% solution injected). Ayres and Kiihne (3) have shown that pilocarpine acts as an accelerator for the regeneration of the visual purple (6, 1, 13, 14) . It was reconfirmed in the present work; namely, in 4 cases among 7, when the samples were dark adapted for 60 min. and in 1 case out of 3, when they were dark-adapted for 90 min.
A point to be made here is that choline or betaine are effective in much smaller doses than that of pilocarpine. The obtained data are shown in Table2.
In the case of 60 min. dark adaptation, the average value of E-E' obtained of the samples was 0.036 and that of the controls 0.032. In the case of 90 min. dark adaptation, they were 0.019 and 0.010 respectively.
The average percentage of E-E' to E was 28.6 in the case of samples and 22.3 in the case of controls.
Table2.
The Effect of Betaine Hydrochloride (0.1%, 1.0 cc.)
c) The effect of pilocarpine (0.3 cc. of 0.1% solution injected): As stated above, pilocarpine is a well-known accelerator for the regeneration of the visual purple.
Investigators working with this drug have used relatively large doses; for example, Dreser (6) used, for a frog, 2 drops of 10% pilocarpine solution, Amenomiya (1) used 0.5-1.0 cc. of 1% solution twice successively in 10 min., and Inatomi (14) daily 0.5 cc. of 0.1% solution for 5 days.
In the present work, very much smaller amounts of the drug (in the range of the minimal effective doses), that is, 1 cc. of 0.1%, to 0.3 cc. of 2% solution, were used, desiring to avoid the toxic effects as much as possible.
The results obtained are shown in Table3.
In the series of experiments of 60 min. dark adaptation, the average value of E-E' obtained of the saniples was 0.029 and that of the controls 0.019, and in the case of 90 min. dark adaptation, they were 0.028 and 0.033 respectively.
The average percentage of E-E' to E was 31.9 in the samples and 30.5 in the controls.
We could thus clearly recognize the augmentative effect of pilocarpine in most of the cases examined, except when 0.03mg. of the drug was applied per g. of the body weight. It seems certain that the drug will not fail to act augmentatively if it is used in larger amounts than 0.1mg. per g. of the body weight.
Table3.
The Effect of Pilocarpine
DISCUSSION
The chemical process underlying the visual purple regeneration in the retina is not yet clear.
It is certain, however, that a specific substance which is necessary for the regeneration, is contained in the pigment epithelium of the retina (Ewald and Kuhne (7), Andogsky (2), Hosoya and. Sasaki (11)). Kuhne called this specific substance "Rhodophylin,"
and he was of the opinion that this substance was secreted from the pigmented epithelium during visual purple regeneration.
The augmentative effect of pilocarpine was considered to be a powerful support for his theory because pilocarpine is a stimulant for the secretion of cells in general.
Subsequently, the augmentative action of pilocarpine was reconfirmed by Dreser (6), Hosoya (13), Amenomiya (1) and Inatomi (14) . It was found, on the other hand, that atropine has no inhibitory effect, and that physostigmine and muscarine, which are pharmacologically closely related with pilocarpine, have no augmentative effect on the regeneration of the visual purple. These facts are not in accord with Kiihne's secretion theory.
Further, some enzymatic action may be, as Trendelenburg (22) suggested, playing a role in the bleaching and regeneration of the visual purple. In fact, it was found by Hosoya and others (12) that the yellow respiratory enzyme augments the regeneration of the visual purple, although this was denied later by Zewi (24) , and Wanabe (23) .
Choline and betaine both exist in normal tissues, the latter can be considered as an oxidation product of the former (16) .
Recently, an additional important action of these substances was found (4, 5, 17) , in a so-called lipotropic action. The detailed mechanism of this action is not yet clear; however Perlman and others believe that it is due to the turnover of fatty acids in the liver to phospholipids after which the liver fat is transported elsewhere in the body for deposition (19) .
It was confirmed in this investigation, that choline and betaine act augment-atively on the visual purple regeneration. The question is how this action is exerted.
It is well-known that phosphoric acid is liberated in the illuminated retinae (15) .
The mother substances are thought to be phosphocreatine, phospholipids and others (18, 20) . These facts and the effectiveness of choline and betaine on the fatty liver lead us to think that choline and betaine, or one of these, will play a role in the chemical processes in decomposition and regeneration of the visual purple; which thought suggests the examinations of some other substances, for example, homologues of choline or compounds intimately correlated with it in metabolic processes, for example, methionine and inositol.
SUMMARY
The effects of choline and betaine on the regeneration of the visual purple were examined, employing frogs as the experimental animals. The examinations were performed in two ways, namely, 1) simple comparisons of the retinal colours with Garten's table, and 2) the measurement of the visual purple concentration by means of a photoelectric spectrophotometer. The results showed that choline and betaine were much stronger than pilocarpine in the augmentative effect on the visual purple regeneration.
